ABSTRACT
INTRODUCTION
Many of the problems associated with heart valve replacement have been eliminated through 4 decades of incremental improvements in the materials, design, and manufacture of prostheses, in surgical techniques, and in postoperative management. Patients with mechanical heart valve prostheses are obligated to receive lifelong oral anticoagulant therapy to prevent thromboembolic complications, but this treatment is associated with an increased risk of bleeding [Cannegieter 1995] . Despite advances in technology and perioperative care, thromboembolic and hemorrhagic complications are still associated with a signifi cant rate of postoperative mortality and morbidity and remain an unresolved problem [Horskotte 1993a ]. Although oral anticoagulation with coumarin derivatives has been used therapeutically for 60 years [Link 1959 ] and for 40 years in patients with prosthetic heart valves, there are still only a limited number of publications concerning the problem of thromboembolic and hemorrhagic complications after heart valve replacement. Whereas studies on the design of drug therapy are published regularly, publications concerning the fi eld of related heart valve diseases and the most common dangers have been extremely rare thus far [VA 1985] . In many areas of patient management after valve surgery, randomized trials and meta-analyses do not exist. The few randomized trials that do exist are narrowly focused with small numbers, have limited general applicability, and do not lend themselves to meta-analysis because of widely divergent methodologies and patient characteristics [Butchart 2005 ]. The defi nition, classifi cation, and occurrence of thromboembolic and hemorrhagic complications in patients with artifi cial heart valve prostheses are different in many studies.
The scope of the problem and the number of mechanical heart valves implanted in Poland are inestimable. The fi rst prosthetic valve implanted in Poland was in 1964 [Dziatkowiak 2006] . Despite the growing number of patients with mechanical heart valve prostheses, thromboembolic and hemorrhagic complications are largely ignored. According to data from the Registry of the Club of Polish Cardiac Surgeons, 3365 heart valve replacements and 1619 heart valve replacements concomitant with coronary artery bypass grafting (CABG) were performed in Poland in [Raport 2006 ].
In our study, we have observed the occurrence of major hemorrhagic and thromboembolic complications in patients after mechanical heart valve replacement. In the following sections, we assess the frequency of international normalized ratio (INR) measurements and the adequacy of anticoagulation therapy within the therapeutic range.
Intensity of Oral Anticoagulation
All 225 patients with mechanical prosthetic heart valves received oral anticoagulant therapy with acenocoumarol. Treatment was usually initiated on the second postoperative day after chest tube removal. Anticoagulation intensity was measured by the INR. Patients with aortic valve replacement (AVR) without atrial fi brillation were generally advised to maintain an INR between 2.0 and 3.0. Patients with mitral valve replacement (MVR) and atrial fi brillation were generally prescribed to maintain an INR within the range of 2.5 to 3.5. Patients after an additional CABG procedure received an oral anticoagulant and aspirin, usually at a dosage of 75 or 150 mg/d. After patient discharge from the hospital, oral anticoagulation was administered by general practitioners, internists, or, less frequently, cardiologists or cardiac surgeons.
Follow-up
The mean follow-up period was 43.3 ± 9.2 months (range, 1-52 months). Follow-up data were gathered from medical and hospital records, physician and cardiologist/ cardiac surgeon records, and direct telephone interviews with patients and relatives. Patients without telephones were asked to complete a questionnaire and return it by mail. All patients were requested to send copies of additional information about hospital admission (such as discharge letters) and the results of the last 10 INR measurements. Hypercholesterolemia, n 21 (9.3%) *Data for New York Heart Association (NYHA) class, duration of symptoms, and left ventricular ejection fraction (LVEF) are presented as the mean ± SD. BMI indicates body mass index; diabetes mellitus, fasting glucose >126 mg% or normal on hypoglycemic therapy; hypertension, blood pressure >140/90 mm Hg or controlled with hypotensive therapy; cigarette smoking, current or stopped for <1 year; hypercholesterolemia, cholesterol level >200 mg%.
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Defi nitions of Major Hemorrhagic and Thromboembolic Complications
The main outcome variables were hemorrhagic and thromboembolic complications during the follow-up period. Major hemorrhagic complications comprised the following: (1) cerebral bleeding as determined by computed tomography (CT) scan or postmortem examination; (2) overt gastrointestinal bleeding; (3) occult gastrointestinal bleeding if endoscopic studies were performed; (4) retroperitoneal bleeding documented by CT scan; (5) ocular bleeding with blindness; and (6) bleeding that reduced the hemoglobin concentration by 2 g/dL or that required the transfusion of ≥2 units of blood.
Major thromboembolic complications included the following: (1) cerebral embolism, defi ned as an unexpected neurologic or visual defi cit, either transient (transient ischemic attack, ie, totally reversible in <24 hours; or reversible ischemic neurologic defi cit, ie, totally reversible within 3 weeks) or permanent (complete stroke), with cerebral hemorrhage excluded by CT scan; (2) peripheral embolism, defi ned as the occurrence of an acute ischemia caused by arterial embolism, as determined by angiography or surgery; (3) visceral embolism, defi ned as an acute occlusion of a visceral artery as determined by angiography or postmortem exam; (4) coronary embolism, defi ned by an acute myocardial infarction (typical electrocardiographic changes and elevated cardiac enzymes) in patients with normal arteries, as previously determined by angiography; and (5) valve thrombosis, as determined by 2-dimensional cardiac ultrasound or surgery in a patient with a previously normal echocardiogram. All complications that occurred during hospitalization that were due to a different therapeutic or diagnostic procedure were excluded.
Frequency of INR Measurements and Adequacy of Anticoagulation Treatment
The information regarding the frequency of INR measurement was obtained from telephone interviews and mail-in questionnaires. The adequacy of anticoagulation treatment was evaluated from medical records and the results of the last 10 INR measurements sent in by the patients.
Statistical Analysis
Values were expressed as mean ± SD unless otherwise indicated.
RESULTS
Of the 225 study participants, 23 (10.2%), including 10 women, died during the mean follow-up period of 43 ± 9.2 months: 14 with MVR, 8 with AVR, and 1 with double valve replacement (DVR). Eight of the dead patients had undergone concomitant CABG and were taking an oral anticoagulant and aspirin after surgery. Causes of death are presented in Table 2 .
Among the 225 patients, major hemorrhagic and thromboembolic complications occurred in 25 patients (11.1%), including 11 women. Seventeen (7.5%) of these patients survived, and 8 (3.6%) died from these complications (Figure 1 ). Major hemorrhagic and thromboembolic complications occurred in 17 patients (7.6%), and 8 patients (3.6%), respectively.
The types of hemorrhagic and thromboembolic complications, for both the living and dead patients, are shown in Table 3 .
The frequency of INR measurements and the adequacy of anticoagulant treatment were assessed only for the surviving patients. The mean time between 2 measurements was 4.3 ± 3.0 weeks. Of all the INR values collected, 42.4% were within, 31.3% were below, and 26.3% were above target ranges. The distribution of INR value ranges is shown in Figure 2 .
Oral anticoagulation was administered mainly by general practitioners and internists; on rare occasions they were administered by cardiologists and cardiac surgeons. The mean time between 2 visits to the cardiologist was 5.7 ± 5.2 months. 
DISCUSSION
Hemorrhagic and thromboembolic complications are one of the main causes of morbidity and mortality in patients after mechanical valve replacement [Cortelazzo 1993; Horskotte 1993a Horskotte , 1993b Cannegieter 1995; Acar 1996; Aris 1996; Fiore 1998; Massel 2001; Butchart 2002; Ansell 2004; Levine 2004] . The number of clinical studies that assessed bleeding and thromboembolic complication rates in patients with a mechanical heart valve prosthesis is limited [VA 1985; Cortelazzo 1993; Horskotte 1993a Horskotte , 1993b Cannegieter 1995; Acar 1996; Aris 1996; Fiore 1998; Massel 2001; Butchart 2002; Ansell 2004; Levine 2004] . The intensity of the target anticoagulation level is different for many of these studies, and the defi nitions of major hemorrhagic and thromboembolic complications are inconsistent [VA 1985; Saour 1990; Cortelazzo 1993; Horskotte 1993a Horskotte , 1993b Turpie 1993; Acar 1996; Altman 1996; Aris 1996; Meschengieser 1997; Pengo 1997; Fiore 1998; Massel 2001; Butchart 2002; Van Nooten 2003; Ansell 2004; Levine 2004] . The reader must be aware of these discrepancies when interpreting the results from these clinical studies. Saour et al [1990] randomized patients to receive either warfarin therapy at a target INR of 2.65 or very highintensity warfarin therapy (target INR, 9.0). The rate of major bleeding during a 3.5-year follow-up period in the former treatment group was 3.3%, compared with 7.2% in the latter group (P = .27). In the trial conducted by Acar et al [1996] , 380 patients were randomized for treatment with acenocoumarol at a target INR range of either 2.0 to 3.0 or 3.0 to 4.5. The rate of major bleeding over 2.2 years in the lower-intensity group was 9.0%, compared with 12.0% in the higher-intensity group (P = .29). Thromboembolic events occurred in 5.3% of the patients in the group with an INR of 2.0 to 3.0 and in 4.7% of the patients in the group with an INR of 3.0 to 4.5 (P = .78). In a trial conducted by Pengo et al [1997] , 205 patients were randomized to receive treatment with either warfarin or acenocoumarol at a target INR of 2.5 to 3.5 or 3.5 to 4.5, with a mean followup period of 3 years. The rate of major bleeding was 3.8% in the former group, compared with 11% in the latter group (P = .019); the rate of thromboembolism episodes was 5.8% in the former group and 5.9% in the latter (P = not signifi cant [NS] ). In our analysis, major hemorrhagic and thromboembolic complications during a 3.6-year follow-up period occurred in 7.6% and 3.6% of the patients, respectively. It is worth noting that 20.4% of the patients in our analysis were taking oral anticoagulants in addition to aspirin. Because of nonoptimal control of anticoagulation and the high risk of hemorrhagic and thromboembolic complications, we signifi cantly reduced the number of mechanical heart valve prosthesis implantations in lieu of biological valves in the last years.
The addition of aspirin to vitamin K antagonists in anticoagulation therapy after mechanical valve replacement has been investigated in a number of studies. In a blinded trial, Turpie et al [1993] compared warfarin (INR, 3.0 to 4.5) with warfarin combined with 100 mg of aspirin. The rate of major bleeding after 2.5 years of follow-up was 10.3% in the warfarin-alone group, compared with 12.9% in the warfarin-plus-aspirin group (P = .43). Major embolic complications occurred in 7.1% of the patients from the warfarin-alone group, compared with 2.7% of the patients in the warfarin-plus-aspirin group. Altman et al [1996] compared 2 different dosages of aspirin (100 mg/d versus 650 mg/d) in patients receiving acenocoumarol at an INR of 2.0 to 3.0 and followed the patients up for a mean of 24.1 and 21.7 months, respectively. The rate of major bleeding in the lower-dose aspirin group was 7.2%, compared with 9.4% in the higher-dose group (P = .4). The incidences of systemic embolism in the low-and high-dose aspirin treatments were 0.9% and 1.9%, respectively (P = NS). Meschengieser et al [1997] compared acenocoumarol alone (INR, 3.5 to 4.5) with a combination of acenocoumarol at a lower intensity (INR, 2.5 to 3.5) and 100 mg of aspirin. The rate of major bleeding after a median follow-up period of 23 months was 4.5% in the monotherapy group, compared with 2.3% in the combined-therapy group (P = .27). The incidence of embolism was 2.7% in the former group and 2.8% in the latter. Laffort et al [2000] compared treatment with vitamin K antagonist alone (INR, 2.5 to 3.5) with a combination of a vitamin K antagonist and aspirin (200 mg/d) Bleeding requiring transfusion - Th e Heart Surgery Forum #2009-1097 E84 for 1 year. The rate of major bleeding was 8.3% in the monotherapy group and 19.2% in the combined group (P = .02).
The most signifi cant factor infl uencing the frequency of hemorrhagic complications, the frequency of thromboembolic complications, and survival after prosthetic valve replacement is the adequacy of anticoagulant therapy. Butchart et al [2002] showed that high anticoagulation variability was the most important independent predictor of reduced survival after mechanical valve replacement. Altman et al [1996] showed that anticoagulant therapy was adequate in 70% of patients treated with an oral anticoagulant (with a target INR range of 2.0 to 3.0) and aspirin (at a daily dose of 100 mg). In these adequately treated patients, 17% of the INR values were lower than the target range, and 13% were higher. Meschengieser et al [1997] noticed that the adequacy of anticoagulant therapy (target INR, 3.5 to 4.5) in the third year of follow-up was only 37%, whereas 38% of the INR values were lower than the target range and 25% were higher [Meschengieser 1997 ]. In the Butchart et al study [2002] , 75.5% of the INR values were within the target range. Of the 24.5% of the INR values that were outside the range, 12% were below and 12.5% were above the therapeutic level [Butchart 2002 ]. In the study of Hering et al [2005] , 90.2% of the total number of INR measurements made during the follow-up period were within the therapeutic INR range of 2.0 to 4.5, which is the lowest erratic INR ever published. In our retrospective study of all the INR values collected, 42.4% were within, 31.3% were below, and 26.3% were above the target range. It is worth noting that patients from these cited studies generally had their systematic INR controlled in clinical centers. The majority of our patients lived far away from the clinical center, and many of them could not receive frequent INR measurements. Poor INR control can explain why cerebral bleeding was the most common cause of death in our population.
Adequacy of anticoagulation therapy is strongly correlated with the frequency of INR measurements. Horskotte et al [1993a] specifi cally addressed this issue in a study of 200 patients with mechanical valves, in which the percentage of INRs within the target range varied from 48%, when monitoring occurred at a mean interval of 24 days, to 89%, when monitoring occurred at a mean interval of every 4 days. In our study, the mean time between sequential measurements was 3.4 ± 5.9 weeks.
To improve the management of patients taking oral anticoagulants, some countries offer anticoagulation clinics [Landefeld 1989; Cortelazzo 1993; Bussey 1996; Chiquette 1998 ]. Cortelazzo et al [1993] assessed the incidence of thromboembolic events and major hemorrhagic complications in patients
